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Probing new physics in B
s
→ (K,K∗)τν and B → piτν decays
N Rajeev∗ and Rupak Dutta†
National Institute of Technology Silchar, Silchar 788010, India
Motivated by the anomalies present in b → u and b → c semileptonic decays, we study the
corresponding Bs → (K,K
∗)τν and B → piτν decays within an effective field theory formalism.
Our analysis is based on a strict model dependent assumption, i.e., we assume that b→ u and b→ c
transition decays exhibit similar new physics pattern. We give prediction of various observables
such as the branching fraction, ratio of branching ratio, lepton side forward-backward asymmetry,
longitudinal polarization fraction of the charged lepton and convexity parameter in the standard
model and in the presence of vector type new physics couplings.
PACS numbers: 14.40.Nd, 13.20.He, 13.20.-v
I. INTRODUCTION
Study of lepton flavor non-universality in the B meson systems have been the center of interest both theoretically and
experimentally over the last decade. Disagreement between the SM expectations and the experimental measurements
(BaBar, Belle and LHCb) in B → D(∗)lν and Bc → J/Ψlν undergoing b → (c, u)lν quark level transitions are well
reflected in the flavor ratios RD, RD∗ and RJ/Ψ defined as,
RD(∗) =
B(B → D(∗)τν)
B(B → D(∗)lν) , RJ/Ψ =
B(Bc → J/Ψτν)
B(Bc → J/Ψlν)
Ratio of branching ratio SM prediction Experimental prediction
RD 0.300 ± 0.008 [1–4] 0.407 ± 0.039 ± 0.024 [12–16]
RD∗ 0.258 ± 0.005 [5–8] 0.304 ± 0.013 ± 0.007 [12–16]
RJ/Ψ [0.20, 0.39] [9] 0.71± 0.17 ± 0.18 [17]
B(B → τν) (0.84 ± 0.11) × 10−4 [10] (1.09± 2.4) × 10−4 [18]
Rlpi 0.566 0.698 ± 0.155 [11]
Rpi 0.641 [11] < 1.784 [18]
TABLE I: The SM prediction and the world averages of the ratio of branching ratios for various decay modes
In Table I, we report the precise SM predictions and the experimental measurements of the various decay modes.
The combined deviation of 3.78σ in RD and RD∗ and around 1.3σ in RJ/Ψ from SM expectation is observed.
Similarly, the average value of the branching ratio B(B → τν) reported by BaBar and Belle experiments is not
in good agreement with the SM expectations. Although, the B(B → pilν) is consistent with the SM, the ratio
Rlpi = (τB0/τB−)B(B → τν)/ B(B → pilν) shows mild deviation. Similar deviations are also observed in the ratio
Rpi = B(B → piτν)/B(B → pi l ν) as well. Motivated by these anomalies, we study the implications of RD, RD∗ , RJ/Ψ,
and Rlpi anomalies on Bs → (K, K∗)τν and B → piτν semileptonic decays in a model dependent way.
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2II. THEORY
A. Effective Lagrangian
The effective Lagrangian for b → u l ν transition decays in the presence of vector type NP couplings is of the
form [19]
Leff = −4GF√
2
Vub
{
(1 + VL) l¯L γµ νL c¯L γ
µ bL + VR l¯L γµ νL c¯R γ
µ bR
+V˜L l¯R γµ νR c¯L γ
µ bL + V˜R l¯R γµ νR c¯R γ
µ bR
}
+ h.c. , (1)
where, GF is the Fermi coupling constant and |Vub| is the CKM matrix element. VL, VR are the NP Wilson coeffi-
cients (WCs) involving left-handed neutrinos, and the WCs referring to tilde terms involve right-handed neutrinos.
Using the effective Lagrangian, we calculate the three body differential decay distribution for the B → (P, V ) l ν
decays. The final expressions pertaining to the psudoscalar and vector differential decay rates can be found in [20].
In general, we define the ratio of branching ratio as
R =
B(Bq →M τ ν)
B(Bq →M l ν) , (2)
where M = K, K∗, pi and l = µ. We also define various q2 dependent observables such as differential branching ratio
DBR(q2), ratio of branching ratio R(q2), forward backward asymmetry AlFB(q
2), polarization fraction of the charged
lepton P l(q2) and convexity parameter ClF (q
2) for the decay modes. For details one can refer to [20].
III. RESULTS AND DISCUSSION
A. Standard model predictions
The SM central values are reported in Table II. We calculate the central values by considering the central values of
the input parameters. For the 1σ ranges, we perform a random scan over the theoretical inputs such as CKM matrix
elements and the form factor inputs within 1σ of their central values. The significant difference in the µ mode and
the τ mode are observed. The branching ratio of the order of 10−4 is observed in all the decay modes. The results
pertaining 〈P l〉 and 〈ClF 〉 are calculated for the first time for these decay modes. In Fig. 1, we show the q2 dependency
of all the observables for the µ mode and the τ mode.
B. Beyond the SM predictions
We discuss the NP contributions coming from VL and V˜L NP couplings. To get the allowed NP parameter space,
we impose 2σ constraint coming from the measured values of RD, RD∗ , RJ/Ψ, and R
l
pi. In the left panel of Fig. 2, we
show the allowed range of VL and V˜L NP couplings once the 2σ constraints are imposed. Similarly, in the right panel
the corresponding ranges in B(B → piτν) and Rpi using the allowed ranges of VL and V˜L NP couplings are shown. In
Table III we display the allowed ranges of each observable in the presence of VL and V˜L NP couplings. Also, in Fig. 3
and 4, we display the q2 dependency of the various observables in the presence of VL and V˜L NP couplings for the
Bs → Kτν, Bs → K∗τν and B → piτν decays. The detailed observations are as follows:
• For the VL NP coupling, we notice a significant deviation from the SM prediction in DBR(q2) and R(q2) for all
the decay modes. In addition, in the presence of V˜L NP coupling the τ polarization fraction show deviation along
with R(q2) and DBR(q2). So the measurement of P τ (q2) can easily differentiate VL and V˜L NP contributions.
• The other observable such as AτFB(q2), P τ (q2) and CτF (q2) are not affected by VL NP coupling. Similarly,
AτFB(q
2) and CτF (q
2) are not affected by V˜L NP coupling.
3Bs → Klν BR × 10
−4 〈AlFB〉 〈P
l〉 〈ClF 〉 RBsK
µ mode
Central value 1.520 6.647 × 10−3 0.982 -1.479
1σ range [1.098, 2.053] [0.006, 0.007] [0.979, 0.984] [-1.482, -1.478] 0.636
τ mode
Central value 0.966 0.284 0.105 -0.607
1σ range [0.649, 1.392] [0.262, 0.291] [-0.035, 0.279] [-0.711, -0.525] [0.586, 0.688]
Bs → K
∗lν BR × 10−4 〈AlFB〉 〈P
l〉 〈ClF 〉 RBsK∗
µ mode
Central value 3.259 -0.281 0.993 -0.417
1σ range [2.501, 4.179] [-0.342, -0.222] [0.989, 0.995] [-0.575, -0.247] 0.578
τ mode
Central value 1.884 -0.132 0.539 -0.105
1σ range [1.449, 2.419] [-0.203, -0.061] [0.458, 0.603] [-0.208, -0.007] [0.539, 0.623]
B → pilν BR × 10−4 〈AlFB〉 〈P
l〉 〈ClF 〉 Rpi
µ mode
Central value 1.369 4.678 × 10−3 0.988 -1.486
1σ range [1.030, 1.786] [0.004, 0.006] [0.981, 0.991] [-1.489, -1.481] 0.641
τ mode
Central value 0.878 0.246 0.298 -0.737
1σ range [0.690, 1.092] [0.227, 0.262] [0.195, 0.385] [-0.781, -0.682] [0.576, 0.725]
TABLE II: The central values and 1σ ranges of each observable for both µ and τ modes in SM are reported for Bs → Klν,
Bs → K
∗lν and B → pilν decays.
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FIG. 1: q2 dependent observables of Bs → K l ν (first column), Bs → K
∗ l ν (second column) and B → pi l ν (third column)
decays in the SM for the µ (violet) and τ (green) modes.
IV. CONCLUSION
We study Bs → (K, K∗)τν and B → piτν decay modes within the SM and within the various NP scenarios. Al-
though, there are hints of NP in various B meson decays, the NP is not yet established. Studying Bs → (K, K∗)τν and
B → piτν decay modes theoretically as well as experimentally are well motivated as these can provide complementary
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FIG. 2: In the left panel we show the allowed ranges in VL (above) and V˜L (below) NP coupling and the corresponding ranges
in RD (violet), RD∗ (green), RJ/Ψ (blue), and R
l
pi (yellow) once 2σ experimental constraint is imposed. The corresponding
ranges in B(B → piτν) and Rpi are shown in the right panel.
VL V˜L
〈R〉 〈BR〉 × 10−4 〈R〉 〈BR〉 × 10−4 〈P τ 〉
Bs → Kτν [0.644, 0.891] [0.735, 1.746] [0.638, 0.898] [0.731, 1.774] [−0.026, 0.217]
Bs → K
∗τν [0.593, 0.804] [1.684, 2.993] [0.582, 0.802] [1.579, 3.098] [0.249, 0.513]
B → piτν [0.630, 0.915] [0.793, 1.368] [0.631, 0.926] [0.765, 1.391] [0.117, 0.315]
TABLE III: Allowed ranges of each observable in the presence of VL and V˜L NP coupling.
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FIG. 3: R(q2) and DBR(q2) for Bs → Kτν (first column), Bs → K
∗τν (second column) and B → piτν (third column) decays
using the VL NP coupling of Fig. 2 are shown with violet band. The corresponding SM ranges are shown with green band
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FIG. 4: R(q2), DBR(q2) and P τ (q2) for Bs → Kτν (first column), Bs → K
∗τν (second column) and B → piτν (third column)
decays using the V˜L NP coupling is shown in violet band. The corresponding 1σ SM band is shown in green color.
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